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Abstract 
A 300W open cathode proton exchange membrane fuel cell (PEMFC) is used as the dependable power source and 
lots of experiments are carried out to investigate the temperature characteristic of open cathode PEMFC. The effect of 
operating temperature on the output performance is analyzed through experiments data. An optimum operation 
temperature trajectory is obtained by a polynomial fitting method. Furthermore, an incremental PID control method is 
applied to design a PEMFC control system according to the characteristic of optimal operation temperature. The 
results verify that the optimum operation temperature trajectory with various loads can be tracked by proposed 
control system and the optimal output performance of PEMFC can be achieved. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
As a promising technology fuel cells that convert chemical energy of the fuel into electricity without 
combustion are studied worldwide. Due to its high efficiency, low operating temperature and low 
pollution, a proton exchange membrane fuel cell (PEMFC) is considered one of the most promising 
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technologies for a wide range of applications. The PEMFC is generally viewed as a dependable power 
source for many applications [1-3]. As a potential application for the portable power source, an open 
cathode PEMFC which is a strongly coupled, nonlinear, complex system possesses some advantages, such 
as lower energy consumption, simpler structure and so on [4-6]. At present, the effects of temperature, gas 
mass flow and pressure on the output performance of PEMFC have been researched and the control 
strategies for improvement of output performance have also been proposed [4-11]. However, in these 
works the regularity of the effect of output performance has not adequately been obtained and the 
proposed control strategies are difficult to be utilized to engineering application due to the complex 
mechanism model. In addition, the used PEMFCs have too low power to analyze the characteristic and 
control method in these literatures. Due to different power levels present various output characteristics, 
high power of open cathode PEMFC should be utilized for the experiments. 
In this paper, a 300W open cathode PEMFC is used as the dependable power source and lots of 
experiments are carried out to investigate the temperature characteristic of open cathode PEMFC. The 
effect of operating temperature on the output performance is analyzed through experiments data. An 
optimum operation temperature trajectory is obtained by a polynomial fitting method based on QR 
decomposition of Vandermonde matrices and then optimal output performance of PEMFC can be 
achieved. Furthermore, an incremental PID control method is applied to design a PEMFC control system 
according to the characteristic of optimal operation temperature. 
2. Temperature characteristic of open cathode PEMFC 
In order to study the temperature characteristic of open cathode PEMFC, an experimental system of 
open cathode PEMFC is setup as Fig.1 shown in this paper. The used PEMFC is Horizon H-300 fuel cell 
stack with open cathode and air cooling; it is self-humidified. The PEMFC operates in dead-ended; a 
purge valve is controlled to release the water vapor and impure gases in every 10 seconds. The 
temperature sensors are used to obtain the real-time temperature data which can be displayed and stored 
on a PC by LabVIEW software.
The temperature characteristic of 300W open cathode PEMFC is presented after some experiment as 
Fig.2 shown. Based on experiment data, the peak voltages appear at a certain operation temperature point 
under various load currents. Hence, the operation temperature is crucial to output power of PEMFC. An 
optimum operation temperature trajectory which can be verified with Fig.2 makes the open cathode 
PEMFC possess maximal output power. In this study, the analytical method of optimum operation 
temperature for 300W stack is referred to the literature [4,5]. 
Fig. 1. Experimental system. 
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Fig. 2. Experiment results of temperature characteristic 
3. Control system design of optimum operation temperature 
An open cathode PEMFC control system is designed according to the characteristic of optimal 
operation temperature as Fig.3 shown. An incremental PID temperature control method is implemented 
by Microchip PIC18F8622 enhanced flash microcontroller. In order to track the optimum operation 
temperature trajectory, a reference governor is designed to achieve the maximal output power by a 
polynomial fitting method based on QR decomposition of Vandermonde matrices. The optimal 
relationship between reference optimum temperature, Tref, and load current, Iout, is expressed as follows
)( outref IfT =   (1) 
Fig. 3. Structure of open cathode PEMFC control system.
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Fig. 4. Output performance with optimum operation temperature trajectory. 
4. Conclusions 
In this paper, the open cathode PEMFC is used as the dependable power source and lots of experiments 
are carried out to study the temperature characteristic of open cathode PEMFC. The effect of operating 
temperature on the output performance is analyzed through experiments data. An optimum operation 
temperature trajectory is obtained by a polynomial fitting method. Furthermore, an incremental PID 
control method is applied to design a PEMFC control system according to the characteristic of optimal 
operation temperature. The results verify the stability of the incremental PID temperature controller with 
fixed point and the optimum operation temperature trajectory with various loads can be tracked better. 
Therefore, the proposed control system can achieve the maximal output power and will take significant 
effect for designing the real-time temperature control system of open cathode PEMFC. 
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